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I.  INTRODUCTION. 


The  insulin-like  growth  factor  binding  proteins  (IGFBPs)  are  members  of  the  IGF 
signaling  system,  along  with  the  ligands  (insulin,  IGF-I  and  IGF-II)  and  a  family  of  transmembrane 
receptors  (the  insulin,  type  1  IGF  and  type  2  IGF  receptors)  (1-9).  The  human  IGFBP  family 
consists  of  at  least  seven  proteins,  designated  as  IGFBP-1,-2,  -3,  -4,  -5  -6  and-7  (10-12)  (Table 
1).  IGFBPs  1-6  bind  IGF-I  and  IGF-II  with  high  affinity  and  serve  to  transport  the  IGFs,  prolong 
their  half-lives,  and  modulate  their  proliferative  and  anabolic  effects  on  target  cells.  The 
molecular  mechanisms  involved  in  the  interaction  of  the  IGFBPs  with  the  IGFs  and  their  receptors 
remain  unclear,  but  these  molecules  appear,  at  least,  to  regulate  the  availability  of  free  IGFs  for 
interaction  with  IGF  receptors  (10,  11).  Recently,  we  have  identified  mac25  as  IGFBP-7,  which 
binds  IGFs  with  lower  affinity  than  do  the  other  IGFBPs,  and  which  appears  to  be  a  low-affinity 
member  of  the  IGFBP  family  (Appendix  #1). 

Recent  evidence  indicates  that  some  IGFBPs  may  also  have  IGF-independent  effects.  A 
growing  body  of  data  has  demonstrated  that  IGFBP-3  is  an  important  growth-suppressing  factor 
in  various  cell  systems,  an  effect  which  is  mediated  in  an  IGF-independent  manner.  In  this 
project,  I  have  proposed  investigation  of  the  biological  significance  and  mechanism  of  this  IGF- 
independent  action  of  IGFBP-3  as  well  as  identification  and  characterization  of  an  IGFBP-3 
receptor  in  human  breast  cancer  cells.  As  a  first  year  task,  I  initiated  the  identification  of  the 
putative  IGFBP-3  receptor  in  human  breast  cancer  cells  by  employing  a  yeast  two-hybrid  system. 
In  addition,  I  have  generated  IGFBP-3  fragments  using  a  baculovirus  expression  system  for 
characterization  of  structure-function  aspects  of  IGFBP-3  actions. 
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n.  BODY. 


1.  Yeast  Two-Hybrid  Screen  for  the  IGFBP-3  Receptor  in  Hs578T  Human  Breast  Cancer 
Cells 

I  had  initially  proposed  to  employ  expression  cloning  by  use  of  lambda  expression  libraries 
for  identification  of  an  IGFBP-3  receptor.  The  expression  library,  consisting  of  Hs578T-derived 
cDNAs  cloned  into  the  lgtl  1  expression  vector,  was  generated  and  screened  using  [125I]IGFBP- 
3  or  polyclonal  IGFBP-3  receptor  antibodies.  However,  I  have  faced  technical  difficulties  due  to 
the  nature  of  the  IGFBP-3  protein,  specifically  its  ability  to  bind  proteins  in  a  non-specific  manner 
under  these  experimental  conditions.  As  an  alternative  approach,  yeast  two-hybrid  screening  was 
employed  to  identify  IGFBP-3  interacting  proteins  (13).  Previous  data  had  indicated  that  binding 
sites  for  a  putative  IGFBP-3  receptor  resides  in  the  mid-region  of  the  IGFBP-3  molecule.  A 
fragment  containing  this  IGFBP-3  mid-region  (IGFBP-388’148)  binds  to  Hs578T  cell  surfaces  with 
high  affinity,  similar  to  that  of  full-length  IGFBP-3  (Figure  1).  Using  this  Intermediate  fragment 
as  the  “bait”,  we  are  screening  a  cDNA  library  made  from  an  Hs578T  mRNA  preparation  to  pull 
out  the  putative  IGFBP-3  receptor. 

The  bait  plasmid  was  constructed  using  the  pBTM116  vector,  containing  the  coding 
sequences  of  the  TRP1  gene  for  tryptophan  synthesis  in  yeast,  and  the  LexA  gene.  Into  this 
vector,  the  DNA  sequence  coding  for  amino  acids  88-148  of  IGFBP-3  and  a  FLAG  tag  was  fused 
inframe  behind  the  LexA  coding  sequence,  creating  a  LexA  :  IGFBP-388‘148/FLAG  fusion  gene. 
This  bait  plasmid  was  transformed  into  the  yeast  strain  L40  and  grown  on  trp-lacking  media. 
Two  reporter  constructs  are  maintained  in  the  L40  yeast  strain  (14).  The  first,  LYS2  :  (lexAopV 
HIS3,  is  fused  at  the  yeast  LYS2  locus  and  will  confer  histidine  prototrophy  upon  activation  by 
LexA.  The  second,  URA3  :  (lexAopVlacZ,  is  fused  at  the  yeast  URA3  locus  and  will  result  in  a 
blue-colored  yeast  colony  upon  activation  of  the  LexA  operators  (This  strain  is  maintained  on  lys- 
and  ura-lacking  media  to  guard  against  the  loss  of  these  reporters). 

The  Hs578T  cDNA  library  was  cloned  into  the  pGADIO  vector  (Clonetech),  which 
contains  the  coding  sequences  of  the  LEU2  gene  for  leucine  synthesis  in  yeast,  and  the  GAL4 
activation  domain  (GAL4AD).  Individual  cDNAs  were  inserted  ahead  of  the  GAIA  coding 


6 


sequence,  creating  a  cDNA  :  GAL4AD  fusion  library.  This  library  was  subsequently  introduced 
into  the  L40/IGFBP-388'148  yeast  strain.  Transformant  colonies  were  screened  using  a  P- 
galactosidase  assay  to  check  for  activation  of  the  lacZ  gene  by  the  interaction  of  LexA  : 
IGFBP-388'148  (conferring  binding  to  the  LexA  operators)  with  the  cDNA::GAL4AD  (conferring 
activation).  Blue  colonies,  containing  cDNAs  that  potentially  are  interacting  with  the  IGFBP-3 
fragment  will  then  be  “cured”  of  the  bait  plasmid  by  successive  culturing  on  trp-containing  media 
and  tested  by  culturing  on  trp+  and  trp-  media  to  confirm  bait  plasmid  loss.  Specificity  of  the 
interactions  will  be  tested  by  mating  with  the  original  yeast  bait  strain,  and  with  a  strain  containing 
LexA::lamin  (commonly  used  to  detect  nonspecific  interactions),  followed  by  a  P-galactosidase 
test.  Colonies  which  remain  positive  (blue)  with  the  original  bait,  but  are  negative  with  lamin  will 
be  further  characterized.  Plasmid  DNA  from  these  yeast  colonies,  now  containing  only  the  cDNA 
:  GAL4AD  fusion  plasmids  of  specific  interest,  will  be  prepared  and  each  subsequently 
transformed  into  E.  coli,  where  the  individual  cDNAs  will  be  isolated  and  characterized  to 
potentially  identify  the  IGFBP-3  receptor. 

2.  Identification  of  a  New  Low-Affinity  Member  of  IGFBP  Family 

Recently,  my  laboratory  has  identified  mac25  as  IGFBP-7  using  baculovirus  expressed 
recombinant  human  mac25  and  polyclonal  antibodies  specific  for  human  mac25  (appendices  #  1 
and  2).  The  mac25  gene,  residing  on  chromosome  4ql2  and  encoding  a  pre-protein  of  277  amino 
acids,  was  originally  cloned  from  leptomeningial  cells  and  subsequently  re-isolated  through 
differential  display  as  a  sequence  preferentially  expressed  in  senescent  human  mammary  epithelial 
cells  (12).  The  deduced  amino  acid  sequence  of  the  mac25  propeptide  shows  an  overall  40-45% 
similarity  and  20-25%  identity  to  IGFBPs.  Furthermore,  mac25  contains  the  common  IGFBP 
motif  (GCGCCXXC)  at  the  NHrterminus,  in  a  region  containing  a  cluster  of  12  conserved 
cysteines,  of  which  1 1  are  found  in  mac25. 

The  1.1  kb  mac25  mRNA  was  detected  in  a  wide  range  of  normal  human  tissues,  with 
decreased  expression  in  breast,  prostate,  colon  and  lung  cancer  cell  lines  (Appendix  #1).  The  31 
kDa  IGFBP-7  protein  was  detected  in  the  conditioned  media  of  Hs578T  breast  cancer  cells,  as 
well  as  in  normal  human  urine,  cerebrospinal  fluid  and  amniotic  fluid  (Appendix  #2). 
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Binding  of  125I-IGF-I  and  125I-IGF-II  to  rh-mac25  was  demonstrated  by  western  ligand 
blotting  after  non-denaturing  polyacrylamide  gel  electrophoresis  and  by  affinity  cross-linking. 
Compared  to  IGFBP-3,  rh-mac25  showed  at  least  a  5-6  fold  lower  affinity  for  IGF-I  and  20-25 
fold  lower  affinity  for  IGF-II,  indicating  that  IGFBP-7  constitutes  a  low  affinity  member  of 
IGFBP  family  (Appendix  #1). 

To  extend  our  understanding  of  the  IGF-independent  action  of  IGFBPs,  the  biological 
action  of  IGFBP-7  was  investigated  in  human  breast  cancer  cells.  Using  baculovirus  expressed 
IGFBP-7  (IGFBP- 7bac)  and  polyclonal  antibodies  specific  for  IGFBP-7,  I  have  found  that 
expression  of  both  IGFBP-7  mRNA  and  protein  is  up-regulated  by  TGF-b  in  Hs578T  breast  cancer 
cells.  Intriguingly,  treatment  with  IGFBP- 7bac  resulted  in  inhibition  of  DNA  synthesis  and  cell 
proliferation  in  a  dose-dependent  manner  in  human  breast  cancer  cells,  even  in  the  absence  of  IGF 
peptides  (Figure  3).  In  addition,  IGFBP-7  mRNA  was  down-regulated  in  human  breast  cancer 
cells  and  up-regulated  in  normal,  growing  mammary  epithelial  cells  by  RA.  It  is  clear  that  while 
IGFBP-7  constitutes  a  low  affinity  member  of  the  IGFBP  family,  it  primarily  functions  as  a 
modulator  of  cell  growth  in  an  IGF-independent  manner,  similar  to  actions  observed  with  IGFBP-3 
in  breast  cancer  cells.  Therefore,  studies  on  the  mechanisms  of  action  and  signaling  pathways  used 
by  IGFBP-7  will  provide  insight  into  the  IGF-independent  actions  of  the  classical  high  affinity 
IGFBPs,  especially  IGFBP-3. 

3.  Synthesis  of  IGFBP-3  Fragments 

Previous  studies  have  demonstrated  that  the  effect  of  IGFBP-3  on  IGF-induced  mitogenic 
action  can  be  modulated  by  IGFBP-3  proteases.  It  has  been  demonstrated  that  IGFBP-3  proteases 
appear  to  enhance  mitogenic  action  of  IGFs;  proteolysis  of  IGFBP-3  results  in  significantly 
reduced  affinity  for  IGF  peptides,  thereby  facilitating  IGF  binding  to  its  receptors.  Several 
proteases  have  been  identified  in  human  breast  cancer  and  normal  mammary  epithelial  cells  (15- 
20);  some  proteases,  such  as  cathepsin  D,  prostate  specific  antigen  (PSA)  have  been  proposed  as 
prognosis  factors  because  of  enhanced  expression  in  breast  cancer  cells.  Interestingly,  these 
proteases,  including  plasmin  (plasminogen  activator),  are  capable  of  proteolyzing  the  IGFBP-3 
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molecule.  Therefore,  it  can  he  speculated  that  these  proteases  can  modulate  not  only  the  IGFBP- 
3  effect  on  IGF  binding  to  IGF  receptors,  but  also  IGFBP-3  binding  to  the  IGFBP-3  receptor  and 
its  subsequent  biological  action.  IGFBP-3  mutants  and  proteolyzed  fragments  of  IGFBP-3  will  be 
employed  to  identify  the  binding  site  on  IGFBP-3  for  the  IGFBP-3  receptor  as  well  as  the 
biological  significance  of  IGFBP-3  proteases  and  IGFBP-3  as  a  heparin  binding  protein  in  the 
human  mammary  system 

As  a  first  step  to  investigate  structure-fimction  aspects  of  IGFBP-3  actions,  six  different 
IGFBP-3  fragments  were  constructed  and  expressed  using  a  baculovirus  expression  system 
(Appendix  #3).  Based  on  the  known  PSA  cleavage  sites  within  IGFBP-3  and  the  predicted 
plasmin  cleavage  sites,  an  N-terminal  IGFBP-31'97  fragment  and  a  C-terminal  IGFBP-398'264 
fragment  were  expressed.  By  stepwise  trucation  from  the  C-terminal  end,  several  C-terminal 
fragments,  such  as  IGFBP-398'232,  IGFBP-398'206,  IGFBP-398'179,  and  IGFBP-398'159,  were  further 
created.  Using  the  available  monoclonal  anti- IGFBP-3  antibodies,  these  IGFBP-3  fragments  were 
characterized  as  derived  from  either  the  N-or  C-terminal  functional  domains  of  IGFBP-3. 

The  IGFBP-3  fragments  will  be  powerful  tools  for  elucidation  of  the  mechanisms  involved 
in  cell  surface  association  of  IGFBP-3,  either  through  its  receptor  or  proteoglycans,  as  well  as  the 
biological  action  of  IGFBP-3  as  a  member  of  the  family  of  heparin  binding  proteins  as  proposed  in 
the  present  studies.  In  addition,  these  fragments  can  be  further  applied  to  investigate:  1)  structure- 
function  aspects  of  IGFBP-3  actions;  2)  heparin  binding-mediated  events  of  IGFBP-3;  and  3) 
biological  significance  of  IGFBP-3  specific  proteases  in  human  mammary  cells. 


9 


m.  CONCLUSIONS. 


We  have  developed  the  necessary  reagents,  including  IGFBP-3  fragments,  a  new  IGFBP 
species  (IGFBP-7)  and  antibodies  for  those  proteins,  and  established  a  functional  system  in  human 
breast  cancer  cells.  These  studies  will  provide  insights  into  the  multiple  actions  of  IGFBP-3,  both 
IGF-dependent  and  IGF-independent.  Depending  on  the  presence  of  IGF  peptide  or  the 
functional  status  of  receptors,  IGFBP-3  can  exert  biological  actions  either  through  its  own 
receptor  (IGF-independent)  or  by  modulating  IGF  binding  to  IGF  receptors  (IGF-dependent), 
either  of  which  may  provide  a  mechanism  for  IGFBP-3  as  an  anti-proliferation  factor  in  the  human 
mammary  system 

A  fuller  understanding  of  the  IGF-independent  action  of  IGFBPs  will  allow  us  to 
understand  how  the  growth  of  neoplastic  cells  can  be  modulated  by  the  IGF/IGFBP  system,  and 
how  other  growth  factors  or  pharmacological  agents  can  interface  with  this  system  Potentially, 
this  will  allow  us  to  develop  IGFBP  agonists  that  would  provide  a  new  strategy  for  the  endocrine 
therapy  of  breast  cancer. 
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Table  1.  Structural  characteristics  of  the  human  IGFBPs 


IGFBP  Molecular  Number  of  Number  of  N-linked  Chromosomal  mRNA  size 

weight  amino  acids  cysteines  glycosylation  localization  (kb) 

High  affinity  IGFBPs 


IGFBP- 1 

25,271 

234 

18 

No 

7p 

1.6 

IGFBP-2 

31,355 

289 

18 

No 

2q 

1.5 

IGFBP-3 

28,717 

264 

18 

Yes 

7p 

2.4 

IGFBP-4 

25,957 

237 

20 

Yes 

17q 

1.7 

IGFBP-5 

28,553 

252 

18 

No 

2q 

1.7,  6.0 

IGFBP-6 

22,847 

216 

16 

No 

12 

1.1 

Low  affinity  IGFBPs 

IGFBP-7 

? 

251 

18 

Yes 

4q 

1.1 

Figure  1.  Competitive  binding  of  125I-IGFBP-3  to  Hs578T  monolayers  by  baculovirus  expressed 
recombinant  human  IGFBP-3  fragments.  Experiments  were  performed  using  Hs578T  human 
breast  cancer  monolayers  in  the  absence  or  presence  of  indicated  concentrations  of  unlabeled 
human  IGFBP-3  or  IGFBP-3  fragments.  Statistical  significance  in  comparison  with  control  values 


is  indicated  by  *p  <0.01. 


(A) 


Figure  2.  Maps  showing  construction  of  the  two-hybrid  bait  and  library  plasmids  for  the 
IGFBP-3  receptor  screen.  (A)  The  bait  plasmid  pBTMl  16/BP-3(88-148),  contains  an 
internal  fragment  of  IGFBP-3.  The  gel  represents  DNAs  from  four  individual  clones  that 
were  digested  to  excise  the  BP-3(88-148)  fragment,  indicating  correct  construction  of  the 
plasmid.  Further  confirmation  was  obtained  from  DNA  sequence  analysis.  Clone  #3  was 
chosen  for  the  two-hybrid  screen.  (B)  pGADlO-cDNA  is  representative  of  the  library  of 
plasmids  containing  individual  Hs578T  cDNAs  prepared  from  total  mRNA. 


Effects  of  IGFBP-3  and  -7  on  Hs578T  Cell 
DNA  Synthesis  in  Serum  Free  Condition 
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Figure  3.  Effect  of  IGFBP-3  and  IGFBP-7  on  Hs578T  cell  DNA  synthesis  in  serum  free  condition.  Cells  were  grown 
in  24-multiwell  plates  until  95%  confluent  and  maintained  in  serum-free  media  for  24  h.  Cells  were  then  treated  with  or 
without  various  concentrations  of  IGFBP-3  or  IGFBP-7  for  23  h.  DNA  synthesis  was  estimated  as  the  actual 
disintegrations/min  oftritiated  thymidine  incorporation  after  a  1.5-h  pulse  of  [3H]thymidine. 
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The  mac25  cDNA  was  originally  cloned  from  lepto- 
meningial  cells  and  subsequently  reisolated  through  dif¬ 
ferential  display  as  a  sequence  preferentially  expressed 
in  senescent  human  mammary  epithelial  cells.  The  de¬ 
duced  amino  acid  sequence  of  the  human  mac25  propep¬ 
tide  shares  a  20-25%  identity  to  human  insulin-like 
growth  factor-binding  proteins  (IGFBPs),  suggesting 
that  mac25  could  be  another  member  of  the  IGFBP 
family. 

In  the  present  study,  we  have  generated  recombinant 
human  mac25  (rh-mac25)  in  a  baculovirus  expression 
system  and  assessed  its  affinity  for  IGFs  and  have  eval¬ 
uated  the  pattern  of  expression  of  the  mac25  gene  in 
human  tissues.  Binding  of  125I-IGF-I  and  125I-IGF-II  to 
rh-mac25  was  demonstrated  by  Western  ligand  blotting 
after  nondenaturing  polyacrylamide  gel  electrophoresis 
and  by  affinity  cross-linking  with  as  little  as  2  nM  rh- 
mac25.  Specificity  of  rh-mac25  binding  to  125I-IGFs  was 
demonstrated  by  competition  for  rh-mac25  binding  with 
unlabeled  IGFs,  but  not  with  [QAYLL]  IGF-II  analog, 
which  has  100-fold  less  affinity  for  IGFBPs.  In  compari¬ 
son  with  IGFBP-3,  rh-mac25  has  at  least  a  5- 6-fold  lower 
affinity  for  IGF-I  and  20-25-fold  lower  affinity  for  IGF-II. 
mac25  mRNA  was  detectable  in  a  wide  range  of  normal 
human  tissues,  with  decreased  expression  in  breast, 
prostate,  colon,  and  lung  cancer  cell  lines. 

In  conclusion,  mac25  specifically  binds  IGFs  and  con¬ 
stitutes  a  new  member  of  the  IGFBP  family,  IGFBP-7.  Its 
wider  distribution  in  normal  tissue  and  lower  expres¬ 
sion  in  several  cancer  cells  indicate  that  IGFBP-7  may 
function  as  a  growth-suppressing  factor,  as  well  as  an 
IGF-binding  protein. 


The  IGFBP1  family  is  a  critical  component  of  the  IGF  system. 
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Grant  CA58110  (to  R.  G.  R).  The  costs  of  publication  of  this  article  were 
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U.S.C.  Section  1734  solely  to  indicate  this  fact. 
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land,  OR  97201-3042.  Tel:  503-494-1930;  Fax:  503-494-1933. 

1  The  abbreviations  used  are:  IGFBP,  insulin-like  growth  factor-bind¬ 
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It  consists  of  six  distinct  proteins,  classified  as  IGFBP- 1  to  -6, 
which  display  no  sequence  homology  to  the  IGF  receptors  (1-3). 
IGFBPs  bind  IGF  peptides  with  high  affinity  and  regulate  the 
biological  activities  of  the  IGFs  (4-12).  Amino  acid  sequence 
analysis  has  revealed  that  human  IGFBPs  show  50-60%  sim¬ 
ilarity  and  contain  16-18  conserved  cysteines  at  the  NH2-  and 
COOH-terminal  regions  (1). 

The  mac25  gene,  residing  on  chromosome  4ql2  and  encoding 
a  pre-protein  of  277  amino  acids,  has  been  cloned  and  se¬ 
quenced  in  leptomeningial  and  mammary  epithelial  cells  (13, 
14).  mac25  mRNA  is  preferentially  expressed  in  normal  lepto¬ 
meningial  and  mammary  epithelial  cells,  compared  with  their 
counterpart  tumors,  suggesting  that  mac25  may  play  a  role  in 
growth-regulatory  pathways  that  are  abrogated  in  meningio¬ 
mas  and  breast  carcinoma  (13,  14). 

Although  the  mature  protein  has  yet  to  be  identified,  the 
deduced  amino  acid  sequence  of  the  mac25  propeptide  shows 
an  overall  40-45%  similarity  and  20-25%  identity  to  IGFBPs. 
Furthermore,  mac25  contains  the  common  IGFBP  motif 
(GCGCGXXC)  at  the  NH2  terminus,  in  a  region  containing  a 
cluster  of  12  conserved  cysteines,  of  which  11  are  found  in 
mac25,  suggesting  that  mac25  is  another  member  of  the  IGFBP 
family. 

In  this  study,  we  describe  the  successful  expression  of  recom¬ 
binant  human  mac25,  using  a  baculovirus  system,  and  demon¬ 
strate  that  the  27-kDa  mac25  protein  specifically  binds  IGFs, 
thereby  meeting  criteria  necessary  for  renaming  it  IGFBP-7. 

EXPERIMENTAL  PROCEDURES 

Peptides  and  Proteins  —  Recombinant  human  IGF-I  was  purchased 
from  Bachem  (Torrance,  CA),  and  recombinant  human  IGF-II  was 
provided^  by^  Eli  Lilly  (Indianapolis,  IN).  Recombinant  human 
IGFBP-3  c°£,  a  non-glycosylated  29-kDa  core  protein  which  was 
expressed  inE.  coli,  was  a  generous  gift  from  Celtrix  (Santa  Clara,  CA). 
Highly  specific  rabbit  polyclonal  antibody,  a:IGFBP-3gl,  was  raised  in 
our  laboratory  against  glycosylated  IGFBP-3  (9). 
[Gln6,Ala7,Tyr18,Leu19,Leu27]IGF-II  ([QAYLL]IGF-II),  a  synthetic 
IGF-II  analog,  was  synthesized  as  described  previously  (15).  Iodination 
was  performed  by  a  modification  of  the  chloramine-T  technique,  to  a 
specific  activity  of  350-500  /xCi/jag  for  IGF-I  and  IGF-II  and  100  pCi/pg 
for  IGFBP-3^’  coh  peptides  (10).  Human  multiple  tissue  Northern  blots 
were  purchased  from  Clontech  (Palo  Alto,  CA). 

Cloning  and  Expression  of  Recombinant  mac25  Protein  —  Initially,  a 
partial  cDNA  fragment  was  generated  by  reverse  transcription-poly¬ 
merase  chain  reaction,  using  RNA  isolated  from  the  human  breast 
cancer  cell  line  Hs578T  as  described  previously  (16).  The  primers  used 
for  amplification  were  5 '-primer  TGCGAGCAAGGTCCTTCCAT  and 
3' -primer  CACCAGGCAGGAGTTCTGTC  (corresponding  to  nucleotides 
479-498  and  628-647  of  L198182,  GenBank™  sequence).  The  partial 
cDNA  was  subcloned  into  pGEM-T  vector  (Promega,  Madison,  WI)  and 
confirmed  by  sequencing.  An  expression  cDNA  library  prepared  in 
ZapExpress  (Stratagene,  La  Jolla,  CA)  with  Hs578T  mRNA  was 
screened  with  the  partial  cDNA  fragment,  as  described  previously  (16), 
and  full-length  clones  were  isolated.  Full-length  sequence  was  identical 
to  the  published  mac25  sequence  (13). 

To  express  recombinant  protein,  a  FLAG  epitope  sequence  (DYKD- 
DDDK)  was  added  at  the  COOH  terminus  by  use  of  polymerase  chain 
reaction.  Primers  (A)  5'-GGCCATTCAGACCCGGGGTGG  (661-682) 
and  (B)  5 7 -GCCGCCCTCGAGCTACTTCTACTGCTGCTTGTAGTCCC- 
TTTTTTCACTGGCTAT  (827-844),  which  was  designed  with  the  FLAG 
sequence  followed  by  a  stop  codon  and  a  restriction  site  for  Xhol ,  were 
used,  and  the  resulting  polymerase  chain  reaction  product  was  digested 
with  Smal  and  Xhol  restriction  enzymes  and  ligated  into  full-length 
cDNA  digested  with  the  above  enzymes,  to  replace  the  COOH  terminus. 
After  sequencing,  the  FLAG-tagged  mac25  cDNA  was  subcloned  into 
baculovirus  expression  vector  pFASTBACl  (Life  Technologies,  Inc.). 
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Fig.  1.  Purification  of  FLAG  epitope-tagged  mac25.  A,  purifica¬ 
tion  and  Western  immunoblotting  of  baculovirus  recombinant  mac25/ 
FLAG  using  anti-M2  monoclonal  antibody.  Lanes  represent  10  /xl  of 
samples;  media  alone  from  the  HI-5  infected  cells  ( lane  1),  flow-through 
from  the  M-2  immunoaffinity  column  ( lane  2),  eluted  fractions  of  rh- 
mac25  by  FLAG  peptides  {lanes  3-6),  or  the  purified  rh-mac25  after 
pooling  and  concentration  ( lane  7).  B,  silver  staining  of  the  purified 
rh-mac25  and  nonglycosylated  IGFBP-3E  coh. 


mac25-pFASTBACl  construct  was  transfected  into  Sf9  insect  cells  and 
positive  viral  recombinants  were  isolated,  using  the  vendor’s  protocols. 
Western  immunoblots  were  performed  with  the  FLAG  sequence  specific 
anti-M2  antibody  (Eastman  Kodak). 

Protein  Purification  and  Sequencing— Large  scale  protein  purifica¬ 
tion  was  begun  by  infecting  108  HI-5  insect  cells  at  a  multiplicity  of 
infection  of  3  at  27  °C  for  3  days.  The  media  from  the  infected  cells  were 
collected  and  concentrated,  and  the  resultants  were  bound  to  an  an- 
ti-M2  antibody  affinity  column  overnight  at  4  °C.  The  column  was 
washed  three  times  with  5  ml  of  HBS  (20  mM  Hepes,  pH  7.8,  150  mM 
NaCl),  and  the  protein  was  eluted  with  four  1-ml  washes  with  HBS 
containing  FLAG  peptide,  0.5  /xg//xl.  The  purified  protein  was  subjected 
to  SDS-PAGE  in  a  12%  gel  (10),  and  stained  with  Coomasie  Blue  or 
transferred  to  nitrocellulose  for  immunodetection.  Eluted  fractions 
from  an  anti-M2  antibody  affinity  column  were  pooled,  concentrated, 
and  quantitated  by  comparison  with  known  amounts  of  IGFBP-3£  coli 
after  silver  staining.  The  NH2-terminal  sequence  of  mac25  (10  /xg)  was 
determined  (Biotechnology  Laboratory  in  the  Institute  of  Molecular 
Biology,  University  of  Oregon)  by  Edman  degradation  using  a  470A 
gas-phase  protein  Sequencer  equipped  with  a  120A  phenylthiohydan- 
toin  analyzer  (Applied  Biosystems,  Foster  City,  CA). 

Affinity  Cross-linking— FLAG-tagged-mac25  and  IGFBP-3S  coli  were 
incubated  with  125I-IGF-I  or  -IGF-II  (50,000  cpm)  in  the  presence  or 
absence  of  unlabeled  peptides  at  the  concentrations  indicated  in  the 
text  and  figures,  overnight  at  4  °C.  After  cross-linking  with  disuccin- 
imidyl  suberate,  samples  were  subjected  to  SDS-PAGE  and  radioautog¬ 
raphy  (10).  Bands  were  quantified  by  densitometry  using  the  area 
under  the  curve,  as  calculated  by  an  LKB  densitometer. 

Western  Ligand  Blots  (WLB)— Unreduced  samples  of  FLAG-tagged- 
mac25  and  IGFBP-3^  coli  were  subjected  to  SDS-PAGE  and  electro- 
blotted  onto  nitrocellulose  filters,  which  were  incubated  overnight  with 
1.5  X  106  cpm  of  125I-IGF-I  or  -IGF-II,  washed,  dried,  and  exposed  to 
film.  Similarly,  WLB  were  prepared  by  nondenaturing  PAGE,  i.e.  with¬ 
out  SDS,  in  stacking  (pH  7.4)  or  resolving  (pH  8.8)  gels  (17)  for  assess¬ 
ment  of  IGF  binding. 

Glycosylation  Studies  —  Proteins  were  deglycosylated  with  endogly- 
cosidase  F  (Endo  F)  (9).  As  a  positive  control,  acid-chromatographed 
normal  human  serum  IGFBP  fractions  were  prepared  (18),  with  an 
IGFBP-3  concentration  of  3.5  ng//xl,  assessed  by  IGFBP-3  radioimmu¬ 
noassay  (18).  Forty  ng  of  FLAG-tagged  mac25  and  2  /xl  of  acid-chro- 
matographed  normal  human  serum  IGFBP  fraction,  containing  7  ng  of 
glycosylated  IGFBP-3,  were  treated  with  120-480  milliunits  of  Endo  F 
as  described  previously  (9).  Subsequent  Western  immunoblots  or  ligand 
blots  were  performed  as  described  above. 

Northern  Blot  Analysis  —  Blots  of  2  /xg  of  poly(A)+  RNA  from  normal 
human  tissues,  that  had  been  subjected  to  electrophoresis  in  1.5% 
formaldehyde- agarose  gel  before  transfer  to  nylon  membranes,  were 
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Fig.  2.  Deglycosylation  of  rh-mac25  and  normal  human  serum 
IGFBPs  with  Endo  F  treatment.  Western  immunoblot  of  rh-mac25 
with  anti-M2  monoclonal  antibody  (A)  and  Western  ligand  blot  of  nor¬ 
mal  human  serum  IGFBPs  with  125I-IGF-I  {B)  after  treatment  with 
various  concentrations  of  Endo  F  at  37  °C  for  3  h.  Lanes  represent  40  ng 
of  rh-mac25  alone  or  2  /xl  of  human  serum  alone  ( lane  1)  or  after  Endo 
F  treatment  (120  milliunits  of  Endo-F,  lane  2;  240  milliunits,  lane  3 ;  360 
milliunits,  lane  4;  480  milliunits,  lane  5). 

purchased  (Clontech).  Total  RNA  from  a  variety  of  normal  and  cancer 
cell  lines  was  isolated  by  standard  methods,  using  guanidine  thiocya¬ 
nate  (16).  32P-Labeled  antisense  cRNA  probes  for  mac25,  transcribed 
from  the  plasmid  constructs,  were  used.  Blots  were  hybridized  and 
washed  at  high  stringency  as  described  previously  (16). 

RESULTS 

Construction  and  Expression  of  FLAG  Epitope-tagged 
mac25— Fig.  LA  is  an  immunoblot  of  the  fractions  collected 
during  purification  of  FLAG-tagged  mac25,  and  the  purified 
concentrated  protein  on  nonreducing  12%  SDS-PAGE.  The  ma¬ 
jor  antibody-specific  protein  is  27  kDa,  with  a  minor  higher 
molecular  weight  antibody-specific  protein  of  —54  kDa  (pre¬ 
sumably  dimers  of  the  mac25  protein).  Analysis  of  the  purified 
recombinant  human  (rh)-mac25  protein  on  a  nonreducing  12% 
SDS-PAGE  and  subsequent  silver  staining  (Fig.  IB),  show  a 
protein  of  approximately  99%  purity  and  a  molecular  weight  of 
27,000.  The  NH2-terminal  sequence  of  the  purified  rh-mac25 
was  SSSDTCGPCE,  indicating  that  human  mac25  contains 
26  residues  of  signal  peptide  sequence  and  251  amino  acids  of 
the  mature  protein,  which  is  18-22%  identical  to  other  mature 
IGFBPs  (most  identical  to  IGFBP-3). 

Since  the  deduced  amino  acid  sequence  analysis  revealed 
that  mac25  contains  one  potential  N-glycosylation  site  located 
at  amino  acid  171  (Asn-Val-Thr),  we  treated  mac25  with  vari¬ 
ous  concentrations  of  Endo  F  (120-480  milliunits)  to  cleave  the 
A-glycosylated  carbohydrates.  As  shown  in  Fig.  2A,  the  size  of 
mac25  was  reduced  to  approximately  25  kDa  following  treat¬ 
ment  with  480  milliunits  of  Endo-F,  indicating  that  the  se¬ 
creted  rh-mac25  is  a  glycosylated  protein  with  2  kDa  of  N - 
linked  sugars  and  a  25-kDa  core.  Parallel  treatment  of  human 
serum  IGFBP-3  with  Endo  F  reduced  the  41-  and  39-kDa 
glycosylated  species  to  a  29-kDa  core  protein  (Fig.  2B). 

Characterization  of  mac25  as  IGFBP-7 — To  test  whether 
mac25  is  capable  of  binding  to  IGF  peptides,  we  performed 
WLB  and  IGF  affinity  cross-linking.  As  shown  in  Fig.  3A,  when 
we  employed  WLB  under  denaturing  conditions  with  125I-IGF-I 
{upper  panel)  or  125I-IGF-II  {lower  panel),  rh-mac25  was  not 
detected,  at  concentrations  of  rh-mac25  ranging  from  1.5  to  150 
nM,  although  5  nM  rhIGFBP-3s  coh  was  detected  as  a  29-kDa 
band  with  either  125I-IGF-I  or  125I-IGF-II.  However,  when  rh- 
mac25  was  electrophoresed  by  nondenaturing  PAGE,  rh-mac25 
was  faintly  detected  at  a  concentration  of  30  nM  and  clearly 
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Fig.  3.  WLBs  and  affinity  cross-linking  of  rh-mac25.  WLBs  of 
various  concentrations  of  rh-mac25  and  5  nM  IGFBP-3£‘  coU  with  125I- 
IGFs  after  denaturing  SDS-PAGE  (A)  or  after  nondenaturing  PAGE 
(B).  C,  autoradiogram  of  125I-IGF-I  ( upper  panel )  or  125I-IGF-II  ( lower 
panel )  cross-linked  to  rh-mac25  or  IGFBP-3^'  coh.  Radiolabeled  ligands 
(0.5  X  105  cpm)  were  incubated  with  2-200  nM  rh-mac25  alone  or  with 
20  nM  rh-mac25  in  the  presence  of  unlabeled  IGF-I  or  IGF-II.  To 
compare  the  binding  affinity  of  rh-mac25  for  IGFs,  1-10  nM  IGFBP-3^ 
con  were  cross-linked  with  the  same  amount  of  radiolabeled  ligands.  D, 
autoradiogram  of  125I-IGF-II  cross-linked  to  20  nM  rh-mac25  in  the 
absence  or  presence  of  different  concentrations  of  unlabeled  IGF-II  or 
[QAYLLJIGF-II. 


identified  at  300  nM  (Fig.  35). 

Alternatively,  when  affinity  cross-linking,  another  method 
for  testing  binding  ability,  was  performed  with  125I-IGF-I  or 
125I-IGF-II  and  concentrations  of  rh-mac25  similar  to  those 
used  in  WLB,  an  approximately  34-kDa  band  was  detected  on 
the  SDS-PAGE  gel  (Fig.  3,  C  and  D),  indicating  the  27-kDa 
rh-mac25  bound  to  7-kDa  125I-IGF-I  (Fig.  3C,  upper  panel)  or 
125I-IGF-II  (Fig.  3C,  lower  panel ,  and  D).  Binding  of  rh-mac25 
to  IGFs  is  readily  detectable  by  affinity  cross-linking  at  a 
mac25  concentration  as  low  as  2  nM.  Furthermore,  the  data 
indicate  that  rh-mac25  binding  to  IGFs  is  specific,  as  shown  by 
competition  with  unlabeled  IGF-I  and  IGF-II,  but  not  with 
[QAYLL]IGF-II,  which  has  approximately  100-fold  less  affinity 
for  IGFBPs.  We  estimated  that  the  affinity  of  rh-mac25  is  at 
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Fig.  4.  Northern  blot  analysis  of  IGFBP-7  in  human  normal 
tissue  and  cancer  cell  lines.  A,  normal  tissue:  human  multiple  tissue 
blots  were  probed  with  mac-25  cRNA  and  exposed  to  BIOMAX  film  for 
2  h  at  -80  °C.  Lanes  1-16  are:  1,  heart;  2,  brain;  3 ,  placenta;  4,  lung;  5, 
liver;  6,  skeletal  muscle;  7,  kidney;  8,  pancreas;  9,  spleen;  10,  thymus; 
11,  prostate;  12,  testis;  13,  ovary;  14,  small  intestine;  15,  colon;  16, 
peripheral  blood  leukocyte.  B,  cancer  cell  lines:  10  pg  of  total  RNA  was 
used  from  each  cell  line.  Blots  were  exposed  to  BIOMAX  film  for  20  h  at 
-80  °C.  Lane  1,  Hs578T  (ER-negative  breast  cancer);  2,  MDA-MB-231 
(ER-negative  breast  cancer);  3,  MCF-7  (ER-positive  breast  cancer);  4, 
MCF-10F  (normal  mammary  epithelial  cells);  5,  ZR75-1  (ER-positive 
breast  cancer);  6,  WiDr  (colon  cancer);  7,  prostate  (normal);  8,  PC3 
(prostate  cancer);  9,  H417  (small  cell  lung  carcinoma);  10,  A175 
(glioblastoma). 


least  5- 6-fold  lower  for  IGF-I  and  20 -25-fold  lower  for  IGF-II 
than  those  of  rhIGFBP-3^-  coli  (shown  as  an  approximately 
36-kDa  band),  after  determining  band  densities  by 
densitometer. 

Expression  of  IGFBP-7  mRNA  in  Normal  Human  Tissues 
and  Cancer  Cells— We  next  investigated  the  distribution  of 
IGFBP-7  in  normal  human  tissues  and  human  cancer  cells, 
using  Northern  blot  analysis.  As  shown  in  Fig.  4A,  the  1.1- 
kilobase  IGFBP-7  mRNA  was  detected  in  a  broad  spectrum  of 
normal  tissues.  In  particular,  high  expression  of  IGFBP-7  was 
observed  in  small  intestine,  colon,  ovary,  prostate,  testes, 
spleen,  heart,  kidney,  and  pancreas.  Interestingly,  expression 
of  IGFBP-7  mRNA  was  reduced  in  ER-positive  breast  cancer 
and  cancer  cells  from  prostate,  colon,  and  lung,  although  ER- 
negative  breast  cancer  cells  and  glioblastoma  cells  showed  rel¬ 
atively  high  expression  (Fig.  4B). 

DISCUSSION 

IGFBPs  bind  to  IGF  peptides  with  high  affinity,  ranging 
from  10“ 11  to  10~9  m  and  regulate  the  biological  activities  of  the 
IGFs.  Amino  acid  sequence  analysis  has  revealed  that  rela¬ 
tively  high  similarity  (50-60%)  exists  among  human  IGFBPs 
(1).  The  most  striking  feature  is  a  cluster  of  18  conserved 
cysteines  found  in  all  IGFBPs  except  IGFBP-6,  which  contains 
16.  Twelve  are  in  the  NH2-terminal  one-third  of  the  molecule 
(10  in  IGFBP-6)  and  the  remaining  six  are  in  the  COOH- 
terminal  third  of  the  protein.  These  terminal  regions  are  highly 
homologous  among  the  IGFBPs  and  are  speculated  to  contrib¬ 
ute  to  binding  of  IGFs.  In  regard  to  this  sequence  homology  and 
striking  conservation  of  cysteines  among  the  IGFBPs,  mac25 
meets  structural  criteria  as  a  new  member  of  the  IGFBP  family 
by  the  fact  that  mac25  contains  critical  conserved  sequences, 
including  the  IGFBP  motif  (GCGCCXXC)  in  the  NH2  terminus, 
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as  well  as  11  conserved  cysteines  in  the  NH2  terminus  and, 
possibly,  1  at  the  COOH  terminus.  Indeed,  our  affinity  cross- 
linking  data  showed  that  mac25  specifically  binds  IGF-I  and 
IGF-II,  indicating  that  mac25  is  a  bona  fide  IGFBP,  and  can  be 
properly  called  IGFBP-7.  Specificity  of  the  IGFBP-7  binding  to 
IGF  was  further  demonstrated  by  the  relatively  low  affinity  for 
[QAYLLJIGF-II,  an  IGF-II  analog  whose  affinity  for  IGFBPs  is 
100-fold  less  than  that  of  native  IGF-II. 

Compared  with  IGFBP-3,  the  affinity  of  IGFBP-7  for  IGFs 
was  assessed  by  competitive  affinity  cross-linking  to  be  5-25- 
fold  lower,  which  might  be  attributed  to  a  lack  of  conserved 
sequences  at  the  COOH  terminus,  particularly  of  the  6  cys¬ 
teines,  of  which  only  one  may  be  conserved.  The  COOH  termi¬ 
nus  of  the  IGFBPs  clearly  contributes  to  the  structural  config¬ 
uration  required  for  IGF  binding  and  may  even  be  capable  of 
independent  binding  of  IGF  peptides.2  The  failure  to  demon¬ 
strate  IGFBP-7  binding  of  IGF  by  conventional  Western  ligand 
blotting  methods  may  be  attributable  to  the  loss  of  structural 
integrity  under  denaturing  conditions,  since  binding  was  ob¬ 
served  when  blotting  was  performed  with  non-denaturing  gels. 
Alternatively,  the  affinity  of  IGFBP-7  for  IGF  peptides  may  be 
overestimated  by  cross-linking  and  may,  in  fact,  be  2  or  even  3 
orders  of  magnitude  lower  than  that  of  IGFBP-3.  Similar  prob¬ 
lems  have  been  observed  in  studies  of  proteolytic  fragments  of 
IGFBP-3,  which  bind  poorly  by  Western  ligand  blot,  but  are 
readily  identified  by  cross-linking  (19).  Nevertheless,  even  if 
the  affinity  of  IGFBP-7  proves  to  be  100-fold  lower  than  that  of 
IGFBP-3,  it  would  still  be  in  a  range  capable  of  modulating  the 
interaction  of  IGFs  with  their  receptors,  as  is  the  case  with 
other  IGFBPs. 

Recent  studies  from  our  laboratory  have  demonstrated  that 
IGFBP-3,  the  major  IGFBP  species  in  the  circulation,  has  a 
novel  growth  inhibitory  action  mediated  through  its  own  recep¬ 
tor  (IGF-independent  action),  in  addition  to  regulating  IGF 
access  to  IGF  receptors  (IGF-dependent  action)  in  human 
breast  cancer  cells  (9,  10).  Furthermore,  transcriptional  regu¬ 
lation  of  IGFBP-3  expression  provides  a  mechanism  for  both 
TGF-/32  and  all-£rafts -retinoic  acid  (all-£rarcs-RA)  inhibition  of 
breast  cancer  cell  growth  (11,  12).  Previous  studies  have  re¬ 
ported  that  expression  of  mac25  mRNA  was  elevated  in  senes¬ 
cent  human  mammary  epithelial  cells,  while  apparently  down- 


2  Y.  Oh,  S.  R.  Nagalla,  Y.  Yamanaka,  H.-S.  Kim,  E.  Wilson,  and  R.  G. 
Rosenfeld,  unpublished  data. 


regulated  in  mammary  carcinoma  cell  lines  (13,  14).  Moreover, 
mac25  mRNA  was  up-regulated  in  normal,  growing  mammary 
epithelial  cells  by  all-£rcms-RA,  suggesting  that  mac25  may  be 
a  downstream  effector  of  the  RA-induced  senescence  pathway 
(14).  Taken  together  with  our  data  showing  reduced  levels  of 
mac25  (IGFBP-7)  mRNA  in  cancer  cells  from  breast,  prostate, 
colon  and  lung,  it  is  tempting  to  speculate  that  mac25  (IG¬ 
FBP-7)  functions  not  only  as  an  IGF  binding  protein,  but  also 
as  a  direct  growth-suppressing  factor,  with  an  IGF-independ¬ 
ent  action  similar  to  that  of  IGFBP-3  (9-12).  Additionally,  we 
propose  that  IGFBPs  1-7  will  prove  to  be  members  of  a  super¬ 
family  of  growth-regulating  factors  that  share  structural  and 
sequence  homology  and  which  may  modulate  growth  by  IGF- 
dependent  and/or  IGF-independent  mechanisms.  Further  as¬ 
sessment  of  IGF  binding  affinity  and  the  mechanism(s)  for  the 
growth-suppressing  actions  of  IGFBP-7  is  currently  underway. 
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The  cDNA  encoding  mac25  (IGFBP-7)  was  first  derived  from  mRNA  isolated  from  leptomeningiai  and  senescent  human 
mammary  epithelial  cells  (1,2) .  The  open  reading  frame  was  shown  to  predict  a  protein  with  homology  to  the  amino  ter¬ 
minus  of  the  IGF  binding  proteins,  (IGFBP)l-6  .  Studies  in  our  laboratory  have  shown 

binds  IGF-I  and-II  in  a  specific  manner,  leading  to  the  renaming  of  mac25  as  IGFBP-7  (3).  Further  studies  at  the  cellular 
level  to  identify  the  involvement  of  IGFBP-7  in  IGF  regulation  and  cell  growth,  require  a  specific  antibody  against  the  pro¬ 
tein  which  has  yet  to  be  identified  in  either  cultured  cells  or  in  vivo .  We  have  now  generated  three  polyclonal  antibodies 
against  the  purified  baculovirus  peptide  and,  by  western  immunoblots  and  immu noprecipitation,  demonstrated  the  exis¬ 
tence  of  a  specific  31,000  dalton  protein.  It  is  a  secreted  protein,  and  can  be  identified  in  the  conditioned  media  of  Hs5/bl 
breast  cancer  cells  ,  as  well  as  in  normal  human  urine,  cerebrospinal  fluid  and  ammotic  fluid.  Subsequent  studies  with 
these  antibodies  should  help  elucidate  the  physiological  role(s)  of  this  protein.  _ __ _ 


INTRODUCTION 

The  cDNA  encoding  mac25  was  first  derived  from 
mRNA  from  leptomeningiai  cells,  and,  subsequently, 
was  observed  through  differential  display  in  human 
senescent  mammary  epithelial  cells(l,2).  The  predicted 
mac25-encoded  protein  was  shown  to  display  homology 
to  the  six  insulin-like  growth  factors  binding  proteins 
(IGFBP),  especially  at  the  N-terminus,  where  eleven  out 
of  the  customary  twelve  conserved  cysteines  were  iden¬ 
tified  (l,3-,7).  This  homology  led  to  the  hypothesis  that 
mac25  acts  as  a  new  IGFBP,  with  a  role  in  regulation  of 
cellular  replication  and  senescence.  Our  laboratory  has 
recently  shown  that  baculovirus  generated  mac25  pro¬ 
tein  binds  both  IGF-I  and-II  in  a  specific  manner, 
although  with  lower  affinity  than  observed  with  IGFBP- 
1  through-6,  resulting  in  the  renaming  of  mac25  as 
IGFBP-7  (3).  Although  we  demonstrated  the  presence  of 
mRNA  for  IGFBP-7  in  a  wide  variety  of  tissues,  to  date 
the  protein  has  not  been  demonstrated  to  exist  in  vivo.  To 
study  the  in  vivo  distribution  and  function  of  IGFBP-7, 
we  have  now  produced  polyclonal  antibodies  against 
recombinant  IGFBP-7bac  and  have  demonstrated  the 
existence  of  the  native  protein  in  human  biological  fluids, 
as  well  as  in  a  human  breast  carcinoma  cell  line,  Hs578T. 

MATERIAL  AND  METHODS 

Tissue  Culture  and  Cell  Lines:  Hs578T  cells  were 
purchased  from  ATCC  and  grown  in  DMEM  plus  10% 
FCS  at  37C  in  5%  C02-  AH  tissue  culture  media  and 
components  were  purchased  from  Lifetechnologies 
(Gaithersburg,  MD).  HtGH-5  cells  were  obtained  from 
Invitrogen  Inc.  (San  Diego,  CA)  and  were  maintained  in 
ExCell  405  Media  (JRH  Biosciences,  Lenexa,  KS)  at  27C. 
The  wild  type  baculovirus  (AcNPv)  was  obtained  from 
Invitrogen,  Inc.  (San  Diego,  CA). 

Sources  of  IGFBP-1-6:  HPLC  purified  hIGFBP-1  from 
human  amniotic  fluid  was  kindly  provided  by  Dr.  D.  R  . 
Powell  (Baylor  College  of  Medicine,  Houston,  TX). 
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Recombinant  human  IGFBP-3,  a  nonglycosylated  29kDa 
core  protein  expressed  in  Escherichia  coli  cells,  was  the 
generous  gift  of  Celtrix,  Inc.  (Santa  Clara,  CA). 
Recombinant  human  1GFBP-2,  -4,  -5  and  -6  were  pur¬ 
chased  from  Austral  Biologicals  (San  Ramon,  CA). 

Plasmid  Constructs  and  Baculovirus  Recombinants: 
The  cDNA  for  IGFBP-7  (mac25)  was  cloned  and 
baculovirus  recombinants  made  as  described  in  Ref.  3. 
Briefly,  the  cDNA  was  cloned  from  an  Hs578T  cDNA 
library  and  sequenced;  the  FLAG  tag  epitope  (D^KD- 
DDDK)  was  added  to  the  C-terminus  by  PCR  and  then 
subcloned  into  a  baculovirus  recombination  vector,  and 
recombinant  viruses  were  produced  as  described  in 
Lifetechnologies  Bac-to-Bac  protocol  (Gaithersburg,  MD). 
Protein  Purification  and  Immunization  of  Rabbits:  The 
baculovirus  expressed  IGFBP-7:FLAG  (Ac:IGFBPflaS) 
was  purified  as  described  in  Ref.  3.  Briefly,  protein  was 
overexpressed  in  Ac:IGFBP-7^a§  infected  HIGH-5  insect 
cells.  Media  collected  by  centrifugation  of  cells  and  dia- 
lyzed  in  20mM  Hepes  pH  7.8, 150mM  NaCl,  was  passed 
over  a  Mono  Q  Ion  exchange  column  (Pharmacia  Biotech, 
Piscatawav,  NJ)  and  proteins  eluted  with  a  linear  salt 
gradient  of  50mM  NaCl  to  500mM  NaCl  in  20mM  Hepes 
pH  7.4.  Mono  Q  fractions  were  further  purified  over  the 
FLAG  sequence  specific  anti-M2  Antibody  affinity 
column  (  Eastman  Kodak  Co.,  New  Haven,  CT).  Three 
New  Zealand  White  female  rabbits  were  injected 
subcutaneously  with  50/jg  of  purified  lGFBP-7bac  mixed 
with  an  equal  volume  of  Freund's  complete  adjuvant. 
Subsequent  boosts  were  done  subcutaneously  with 
15-25ug  of  purified  protein  and  Freund's  incomplete 
adjuvant  at  one  month  intervals.  After  the  second  boost, 
three  rabbits  (bl,  b2,  and,b3)  were  bled  and  two  rabbits 
were  exsanguinated  and  sera  collected  from  total  blood. 
The  sera  from  rabbit  bl  was  used  in  subsequent 
experiments. 

Western  I  mm  uno  blotting  with  anti-IGFBP-7  Antibody: 

Proteins  were  separated  on  a  non-reducing  12% 
SDS:PACE  and  transferred  to  nitrocellulose  (10). 
The  membranes  were  blocked  with  5%  nonfat  dry  milk. 
TBS-T  <20mM  Tris-Cl  pH  7.6,  150mM  NaCl,  0.1%  tween- 
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20)  for  one  hour  at  room  temperature.  The  membranes 
were  rinsed  three  times  with  TBS-T  and  incubated  in  a 
1:5000  dilution  of  anti-IGFBP-7bl  antibody  in  TBS-T  for 
one  hour  at  room  temperature.  The  membranes  were 
rinsed  in  TBS-T  as  before  and  then  incubated  in  a  1:3000 
dilution  of  anti-rabbit  IgG  conjugated  to  horse  radish 
peroxidase  (Amersham,  Arlington  Heights,  IL)  for  one 
hour  at  room  temperature.  The  membranes  were  then 
washed  two  times,  for  15  minutes  each,  in  TBS-T  and  the 
immunoreactive  proteins  detected  by  chemilumines¬ 
cence,  using  the  Renaissance  Detection  Kit 
(Dupont/ NEN,  Wilmington,  DE). 

Immunoprecipitation  of  35S  metabolically  labeled 
Hs578T  Proteins:  Confluent  monolayers  of  Hs578T 
cells  were  rinsed  three  times  with  DMEM  (without 
methionine  and  cysteine),  incubated  in  DMEM  (without 
methionine  and  cysteine)  with  250jiCi/ml  of 
EXPRE^S^S  Label  (DuPont/ NEN,  Wilmington,  DE)  for 
16  hour  at  37C  in  5%  C02,  and  the  conditioned  media  col¬ 
lected.  Immunoprecipitations  were  done  with  1.25ml  of 
conditioned  media  and  5/d  of  either  preimmune  sera, 
anti-IGFBP-7bl,  or  anti-IGFBP-3gl  antibody  (8),  fol¬ 
lowed  by  incubation  for  one  hour  on  ice.  Protein-A 
Sepharose  beads  that  had  been  equilibrated  in  20mM 
Hepes,  pH  7.8,  150mM  NaCl,  1%  Triton-XlOO,  1% 
Sodium  deoxycholate  were  added,  to  bind  the  anti¬ 
gen/  antibody  complex,  and  incubated  for  one  hour  at 
4 C,  rocking  end  over  end.  The  beads  were  centrifuged 
and  washed  two  times  in  the  above  buffer.  The  proteins 
were  eluted  by  boiling  for  three  minutes  in  non-reducing 
SDS  sample  buffer  and  then  subjected  to  a  non-reducing 
10%  SDS:PAGE  followed  by  autoradiography. 
Immunoprecipitations  and  western  immunoblotting  of 
biological  fluids  and  conditioned  media:  Anti-IGI%P- 
7bl  antibody  was  covalently  crosslinked  using  dimethyl 
pimelimdate  (Sigma  Chemical  Co.,  St.  Louis,  MO)  to 
Protein  A  Sepharose  (9)  and  used  to  immunoprecipitate 
normal  human  sera,  normal  human  urine,  human  amni- 
otic  fluid,  human  cerebrospinal  fluid  (CSF),  and  condi¬ 
tioned  media  from  Hs578T.  The  immunoprecipitation 
products  were  then  analyzed  by  western  immunoblot, 
using  the  anti-IGFBP-7bl  antibody,  as  described  above. 

RESULTS 

Production  of  antibody  to  IGFBP-7bac:  All  three  rabbits 
developed  antibodies  to  IGFBP-7,  Figures  1  and  2  show 
that  the  polyclonal  antibody  anti-IGFBP-7bl,  produced 
against  purified  baculovirus  expressed  IGFBP-7,  can 
detect  both  recombinant  and  native  protein.  Figure  1 
shows  a  western  immunoblot  of  conditioned  media  from 
HIGH-5  cells  that  were  either  infected  with  wild  type 
baculovirus  (AcNPV)  or  IGFBP-7bac.  The  antibody 
specifically  reacts  with  the  27kDa  recombinant  protein 
and  does  not  cross-react  with  endogenous  baculovirus 
proteins.  Figure  2  depicts  an  immunoprecipitation  of  35S 
metabolically  labeled  conditioned  media  from  Hs578T 
cells  with  either  pre-immune  sera  from  the  rabbits  before 
immunization,  anti-IGFBP-7bl  or  anti-IGFBP-3gl.  There 
is  a  specific  immunoreactive  protein  of  approximately 


Figure  1.  Western  Immunoblot  using  anti-IGFBP-7-bl  against  condi¬ 
tioned  media  from  HIGH-5  cells  infected  with  AcNPv  (wild type  bac¬ 
ulovirus)  or  IGFBP-7bac.  Twenty  microliters  from  2.0ml  of  media 
from  a  35mm  dish  for  each  sample  were  analyzed. 


Figure  2.  Immunoprecipitation  of  ^5  Methionine /Cysteine  labeled 
Hs578T  breast  carcinoma  cell  conditioned  media  (CM)  with  rabbit 
pre-immune  serum  (PI),  anti-IGFBP-7-bl(anti-BP-7),  or  anti-IGFBP-3- 
gl  (anti-BP-3).  Each  lane  represents  1.35ml  of  labeled  CM 
immunopretipitated  with  5m1  of  the  indicated  serum  or  antibody 


31kDa  that  is  irrumunoprecipitated  with  anti-IGFBP-7bl, 
but  not  by  preimmune  sera  or  anti-IGFBP-3gl. 
Immunoblots  performed  with  anti-lGFBP-7bl  and  pure 
IGFBP-1  through  -6  were  negative,  even  at  IGFBP 
concentrations  as  high  as  200ng  (data  not  shown) 
Identification  of  native  IGFBP-7  from  other  sources: 
Immunoprecipitations  were  preformed  using  anti-IGFBP- 
7bl  covalently  crosslinked  to  Protein  A  Sepharose,  to 
detect  the  presence  of  IGFBP-7  in  normal  human  sera, 
amniotic  fluid,  CSF,  and  urine.  Hs578T  CM  and  Protein  A 
Sepharose  beads  alone  were  used  as  positive  and  negative 
controls,  respectively.  The  immunoprecipitated  products 
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Figure  3.  Immunopredpitations  and  western  immu  nob  lotting 
of  biological  fluids  or  conditioned  media  from  Hs578T  cells  using 
anti-IGFBP-7-bl  antibody.  Immunopredpitations  were  done  on  20^1 
of  normal  human  sera,  200jd  of  urine,  and  1ml  of  amniotic  fluid 
(A.F.).  CM  from  Hs578T  cells,  and  Protein  A  Sepharose  beads  alone 
served  as  positive  and  negative  controls,  respectively 

were  then  analyzed  by  western  immunoblot  using  anti- 
IGFBP-7-bl,  as  described  in  the  Materials  and  Methods. 
Figure  3  shows  that  there  is  a  similarly  sized  31kDa 
immunoreactive  protein  in  urine  and  amniotic  fluid,  and, 
after  prolonged  exposure,  a  faint  31kDa  band  could  be 
seen  in  norma]  sera  (data  not  shown).  A  31kDa  IGFBP-7 
immunoreactive  band  could  also  be  identified  after 
immunopredpitations  of  human  CSF  (data  not  shown). 
Further  studies  with  endoglycosidase  F  revealed  that  the 
31kDa  native  IGFBP-7  is  a  glycosylated  protein  with  4 
kDa  of  N-linked  sugars  and  a  27kDa  core  protein  (data 
not  shown). 


DISCUSSION 

Our  laboratory  has  recently  demonstrated  through  com¬ 
petitive  affinity  cross-linking  studies  with  IGF-I  and  -II, 
and  native  western  ligand  blotting  with  125I-IGF-I  and  -II, 
that  mac25  is  a  new  member  of  the  IGFBP  family,  IGFBP- 
7(3).  In  conjunction  with  these  studies,  we  have  shown 
IGFBP-7  mRNA  to  be  widely  distributed  in  many  normal 
human  tissues. 

Previous  reports  have  shown  that  IGFBP-7  mRNA  is 
up-regulated  by  treatment  with  all-fnms-retinoic  acid  in 
normal  human  mammary  epithelial  cells  (2).  Given  the 
relatively  low  affinity  of  IGFBP-7  for  IGF-I  and  -II,  we 
hypothesize  that  IGFBP-7  may  have  an  IGF-independent 
role  in  the  cellular  scenecence  and  growth  suppression 
pathways.  In  the  present  study,  we  have  now  generated 
and  characterized  polyclonal  antibodies  to  recombinant 
human  IGFBP-7.  Our  antibodies  specifically  recognizes 
recombinant  IGFBP-7  and  native  IGFBP-7  in  breast  can¬ 
cer  cells  and  some  biological  fluids,  such  as  urine,  CSF 
and  amniotic  fluid.  The  antibodies  are  immunoreactive 
for  the  native  protein,  as  shown  by  immu  noprecipita¬ 
tions,  and  to  the  denatured  protein,  as  demonstrated  by 


western  immunoblotting.  To  our  knowledge,  this  is  the 
first  report  that  IGFBP-7  protein  is  produced  by  cultured 
cells,  and  is  present  in  normal  biological  fluids.  Further 
in  vivo  and  in  vitro  studies  using  the  recombinant  peptide 
and  appropriate  antibodies  will  facilitate  assessment  of 
the  physiological  significance  of  IGFBP-7. 
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ABSTRACT 

IGFBPs  play  an  important  role  in  IGF  biological  actions  by  modulating  IGF  binding  to  its  receptors.  The  major  IGFBP  in  serum 
is  IGFBP-3,  which  transports  70-90%  of  the  circulating  IGFs.  In  target  cell  systems,  it  sequesters  IGFs  and  inhibits  their 
hormonal  actions,  but  may  potentiate  IGF  activity  or  exert  IGF-independent  effects  under  specific  conditions.  IGFBP-3  can  be 
modified  by  IGFBP-3  proteases,  which  degrade  it  into  smaller  fragments.  IGFBP-3  fragments  generated  by  proteolysis  have 
reduced  affinity  for  IGFs,  thereby  modifying  IGF  action.  To  study  IGFBP-3  fragments  in  vivo  and  in  vitro ,  we  constructed  six 
different  IGFBP-3  fragments  by  use  of  a  baculovirus  expression  system  and  generated  8  different  monoclonal  IGFBP-3 
antibodies.  Based  on  the  known  cleavage  sites  of  IGFBP-3  for  PSA,  MMPs,  and  the  predicted  plasmin  cleavage  sites,  we 
expressed  a  N-terminal  IGFBP-31’97  fragment  and  a  C-terminal  IGFBP-398'264  fragment  By  stepwise  truncation  from  the  C- 
terminal  end,  we  created  IGFBP-398’232  ,  IGFBP-398’206  JGFBP^98’179  ,  and  IGFBP-398'159.  A  strong  recognition  of  the  C- 
terminus  and  the  intermediate  parts  of  IGFBP-3  by  six  antibodies  was  found.  Four  of  these  mAbs  were  able  to  recognize  the 
intermediate  fragment  alone.  Two  mAbs  were  found  to  immunoreact  only  with  the  N-terminal  IGFBP-3  fragment  and  two 
additional  mAbs  recognized  the  N-  as  well  as  the  C-terminal  parts  and  lacked  immunoreactivity  for  the  intermediate  part  of 
IGFBP-3.  The  15  kDa  IGFBP-3  fragment  resulting  from  plasmin  digestion  was  found  to  only  react  with  N-terminal  antibodies, 
while  the  29  kDa  fragment  in  pregnancy  serum  reacted  with  both  N-  and  C-terminal  antibodies.  Thus,  these  mAbs  will  be  useful 
tools  to  determine  whether  IGFBP-3  fragments  found  in  vivo  derive  from  either  the  N-  or  C-terminal  domains  of  IGFBP-3. 


INTRODUCTION 

IGFBP-3,  the  major  carrier  of  IGF  peptides,  is  a  target  for  a 
variety  of  different  proteases  in  vivo  and  in  vitro  (l,2,4-6) 
The  resulting  IGFBP-3  fragments  have  reduced  affinity  for 
IGFs,  thereby  modifying  their  cellular  action  in  target 
systems  (3).  Recent  reports  have  described  IGF-independent 
bioactivity  of  some  IGFBP-3  fragments  (7,8).  Although  some 
studies  describe  N-terminal  sequences  of  IGFBP-3  fragments 
derived  by  different  proteases  in  vitro ,  the  exact  sequences 
of  in  vivo  IGFBP-3  fragments  and  their  biological  function 
remain  unclear.  It  has  been  shown  that  the  plasminogen/ 
plasmin  system  plays  an  important  role  in  the  proteolysis  of 
IGFBP-3  and  is  also  part  of  pregnancy-associated  protease 
activity  (4,7,8).  Based  on  the  information  from  plasmin-, 
PSA-  and  MMP-  induced  proteolysis  of  IGFBP-3,  we  have 
expressed  six  different  IGFBP-3  fragments  in  a  baculovirus 
system.  We  also  generated  8  different  monoclonal  antibodies 
(mAb),  raised  against  human  recombinant  IGFBP-3E  coU.  In 
this  study,  we  have  employed  these  mAbs  to  characterize 
synthetic  and  plasmin-generated  IGFBP-3  fragments. 

MATERIAL  AND  METHODS 

plasmid  constructs  and  baculovirus  expression:  cDNAs 
for  six  IGFBP-3  fragments  (construct  B-G,  fig.  1A),  as  well 
as  the  full  length  IGFBP-3  (construct  A)  were  subcloned  into 
pFASTBAC  HTa  baculovirus  expression  vector  (Gibco, 
Gaithersburg,  MD).  All  constructs  were  made  by  PCR,  using 
human  IGFBP-3  cDNA  as  template  and  oligonucleotide 
primers  carrying  either  an  unique  in  frame  Narl  restriction 
site  (5’  primer)  or  a  stop  codon  and  a  Xbal  site  (3’  primer) 
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for  subcloning  the  resulting  PCR  product  into  the  baculovirus 
expression  vector  (table  1). 

Table  1 

primer  sequences  used  for  construction  of  six  different 
IGFBP-3  fragments  in  pFASTBAC  HTa. 


1 

amroadd 

3’pra 

3\zknr 

A 

1-264 

OOGOCTOOOTOC^erc 

cacvcvAGAcrtaxacrm 

GQOG 

CAP3CIG 

“b" 

1-97 

OOOGCTOGCXXX^GCIC 

CXXnCT^G^CTAQOQCAOGC 

GOOG 

OQCIGAOGGC 

~C 

98-264 

^o^oQ□caoCT/ccrac 

TOCXVU3CX300G 

CATGCIU 

"5" 

98-232 

TC4GOQOOCXT/CCTOC 

OGCTHAGACXMXXXJn^ 

lOOCAOOOCCG 

GOCTTTOGA4G 

~eT 

98-206 

TCAOGQOJIXTADCnDC 

TOCCAOOOOOG 

TCAGCACATTC 

~ 

98-179 

TCAO^JOOOCTAOJ^ 

COZVCTAG^KXyJZTVOG 

TOCTW30QOOG 

ACTOGGAOGAGAflG 

_ 

98-159 

TG4GG00COT/5OCIQC 

CaZKXAGACrACKKJOOCr 

lOOCAOOOCCG 

OOCTGIUITOGC 

Because  the  protein  processing  steps  in  insect  cells  are 
similar  to  those  in  mammals,  the  signal  peptide  sequence  of 
cDNA  in  the  full  length  IGFBP-3,  as  well  as  in  the  N- 
terminal  fragment,  was  'deleted,  to  prevent  the  loss  of  the 
additional  amino  acids  from  the  pFASTBAC  HTa  vector  as 
described  below.  All  constructs  were  confirmed  by 
sequencing.  Recombinant  viruses  were  produced  according  to 
the  manufacturer’s  protocol  (Gibco,  Gaithersburg,  MD  ).  All 
expressed  proteins  contain,  on  their  N-terminal  end,  23 
additional  amino  acids,  including  6  Histidines  and  a  iTEV 
protease  cleavage  site.  Proteins  were  overexpressed  in  SF-9 
insect  cells.  Three  days  after  infection  with  the  recombinant 


2368 


RAPID  COMMUNICATIONS 


2369 


virus,  the  cells  were  harvested  and  lysed  in  lysis  buffer  (100 
rnM  Hepes  pH  7.4,  50  mM  NaCl  containing  Pepstatin, 
Leupeptin  and  Aprotinin  in  a  final  concentration  of  0. 1 
mg/ml)  by  sonication  on  ice.  Centrifugation  at  50.000  x  g  for 
30  min  was  performed  to  remove  all  insoluble  material, 
generation  of  monoclonal  anti  IGFBP-3  antibodies:  Mouse 
monoclonal  antibodies  were  raised  against  recombinant,  non- 
glycosylated  human  IGFBP-3Ecoli  (Celtrix,  Santa  Clara,  CA). 
BALB/c  mice  were  immunized  subcutaneously  with  IGFBP-3 
antigen.  The  splenocytes  from  immunized  mice  were  fused 
with  myeloma  cells  by  the  polyethylene  glycol  method.  The 
viable  hybridomas  were  selected,  screened  and  propagated. 
The  supernatants  from  clones  were  selected  and  screened 
against  IGFBP-3  by  ELISA  technique.  The  selected 
hybridomas  were  cloned  by  the  limiting  dilution  method. 
Eight  monoclonal  mAbs  for  IGFBP-3  were  selected  and 
propagated  in  culture,  and  cells  were  injected  into  BALB/c 
mice  for  ascites  production.  Anti-IGFBP-3  IgG  antibodies 
were  purified  on  protein  A  column  and  tested  on  western 
immunoblots  and  in  immunoassays. 

western  immunoblotting:  Proteins  were  separated  on  a 
nonreducing  15  %  SDS-PAGE  (National  Diagnostics, 
Atlanta,  GO)  and  transferred  to  Hybond  ECL  nitrocellulose 
membrane  (Amersham).  Immunodetection  was  performed  as 
previously  described  (9).  We  used  a  1:3000  dilution  of 
polyclonal  aIGFBP-3ngl  antibody  (10),  1:500  of  mouse 
acites  or  1:3000  of  the  purified  monoclonal  antibodies, 
proteolysis  of  IGFBP-3:  0.2  pg  of  recombinant  human 
IGFBP-3Ecoli  were  digested  with  44  pg  plasmin  (Fluka, 
Ronkonkoma,  NY)  for  150  min  at  37°C  in  Tris  buffer  (0.02 
M  tris  ph  7,4;  0,15  M  NaCl ).  After  digestion,  the  reaction 
was  stopped  with  SDS  sample  buffer  and  loaded  immediately 
on  a  15  %  SDS-  PAGE. 

results 

Figure  1A  shows  the  different  IGFBP-3  constructs  expressed 
in  a  baculovirus  system.  The  A  construct  corresponds  to  to 
foil  length  IGFBP-3  sequence.  Fragment  B  (IGFBP-3  ) 
contains  to  predicted  major  IGF  binding  site  in  to  N- 
terminal  region,  which  is  highly  conserved  among  to 
IGFBPs.  Fragment  C  (IGFBP-398'264)  includes  to 
intermediate  and  C-terminal  parts  of  IGFBP-3.  Four 
additional  fiagments  (D-G)  have  to  same  N-terminal  part 
as  fragment  C.  They  have  been  stepwise  truncated  on  their 
C-terminal  end.  The  D  fragment  (IGFBP-3  )  lacks  to  C- 
terminal  region,  which  is  highly  conserved  among  to 
IGFBPs  and  considered  as  a  possible  second  part  of  to  IGF- 
binding  site.  Fragment  E  (IGFBP-398’206)  lacks  to  major 
heparin  binding  domain;  F-fragment  (IGFBP-3  j  lacks 
part  of  to  predicted  minor  heparin  binding  motif  and  a  N- 
glycosylation  site,  and  fragment  G  (IGFBP-3  1  is  more 
truncated  at  to  C-terminus.  Figure  IB  shows  a  western 
immunoblot  of  20  pi  cell  lysates  from  SF9  cells  transfected 
with  Bacmid  DNA  containing  to  different  IGFBP-3 


fragment  cDNAs.  All  fragments  were  successfully  expressed 
and  could  be  detected  by  otIGFBP-3ngl  antibody. 


A I  HISl  «a  1-264 
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Figure  1A:  construction  of  IGFBP-3  fragments. 
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Figure  IB:  Western  immunoblot  of  20  ul  cell  lysate  from 
IGFBP-3  fragment  expressing  SF-9  cells,  using  alGFBP- 
3ngl  antibody. 

CeU  lysates  from  SF9  cells  expressing  to  different  IGFBP-3 
fragments  were  ton  used  to  map  to  binding  epitopes  of 
eight  different  mAbs.  Ten  pi  cell  lysates  of  infected  SF9  cells 
with  each  IGFBP-3  fragment  were  loaded  on  a  SDS-  PAGE. 
Western  immunoblots  with  to  different  monoclonal  anti- 
IGFBP-3  antibodies  were  performed  (Fig.  2A).  All  mAbs 
recognized  full-length  IGFBP-31^  (construct  A).  Figure  2B 
is  to  summary  of  to  recognition  pattern  of  to  different 
mAbs  for  to  IGFBP-3  fragments.  The  N-terminal  fragment 
B  (IGFBP-31'91)  was  recognized  by  mAb3, 5, 6  and  8.  The  C- 
terminal  fragment  C  (IGFBP-398'264)  was  strongly  recognized 
by  mAbsl,  2,  4,  5  and  7,  as  well  as  more  weakly  by  mAbs. 
C-terminal  truncation  of  aa  233-264  from  to  C  fragment 
results  in  loss  of  to  binding  epitope  of  this  fragment  for 
mAb5.  Further  truncation  on  to  C-terminal  end  (aa  207- 
232)  prevents  to  binding  of  mAb8.  The  intermediate  aa  98- 
206  are  strongly  detected  by  mAbl,2,4  and  7. 

We  used  purified  mAb2  and  mAb3  to  characterize  to  29 
kDa  IGFBP-3  fragment  from  human  pregnancy  serum  and 
to  major  15  kDa  IGFBP-3  fragment  resulting  from  plasmin 
digestion.  Figure  3  shows  to  western  immunoblot  of  human 
pregnancy  serum  and  plasmin-digested  IGFBP-3.  The  29 
kDa  IGFBP-3  fragment  in  human  pregnancy  serum  is 
recognised  by  both  aAtibodies.iwhereas  to  major  15  kDA 
IGFBP-3  fragment  fosultinj^  from  plasmin  digestion  is  only 
recognised  by  the  N “terminal  antibody,  mAb3. 
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Figure  2A:  Western  imxnunoblot  of  IGFBP-3  fragments, 
using  8  mAbs 


intermediate  portions  of  IGFBP-3.  The  use  of  synthetic 
IGFBP-3  fragments  and  mAbs  specific  for  discrete  IGFBP-3 
epitopes  should  allow  characterization  of  naturally  occurring 
IGFBP-3  fragments,  as  well  as  elucidation  of  IGF-binding, 
proteoglycan-binding,  and  cell  membrane  binding  regions  of 
the  molecule. 

ACKNOWLEDGEMENTS 

We  fhank  W.I.Wood  for  the  IGFBP-3  cDNA.  This  woric  was 
supported  by  a  research  grant  from  DFG,  Bonn,  Germany  (to 
P.V.),  NIH  grant  #CA  58110  (to  R.G.R)  and  US  Army  grant 
#  DAMD  17-96-1-6204  (to  Y.Oh). 


■M 

E9 

EM 

El 

EH 

EH 

EH 

ra 

EH 

n 

HS2H 

n 

w 

a 

a 

a 

a 

D 

n 

K KEH 

hi 

a 

Hi 

D 

D 

ih 

D 

cai 

w 

hi 

n 

KM 

■ 

a 

a 

W7M 

mm 

n 

a 

■ 

KM 

n 

a 

a 

eeb 

ma 

a 

IB 

a 

■ 

Hi 

a 

Hi 

a 

EgjEl 

a 

n 

■ ■ 

n 

IH 

m 

HUE! 

— 

n 

n 

■ 

H 

■a 

figure  2B:  recognition  pattern  of  the  8  mAbs. 
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Figure  3:  western  immunoblot  of  human  pregnancy  serum 
and  plasmin  digested  IGFBP-3,  using  mAb2  and  3. 


DISCUSSION 

IGFBP-3  proteases  and  the  resulting  IGFBP-3  fragments 
have  been  the  subject  of  extensive  study  since  their  first 
detection  in  human  pregnancy  serum  (1,2).  These  fragments 
were  initially  identified  by  their  Mure  to  bind  iodinated 
IGFs  on  western  ligand  blotting,  but  were  recognized  by  a 
variety  of  IGFBP-3  polyclonal  antibodies  (3). 
Characterization  of  the  proteolytic  fragments  has  been 
hampered  by  difficulty  in  purifying  them  from  biological 
fluids.  We  have  employed  a  baculovirus  expression  system 
to  generate  intact  IGFBP-3  and  a  variety  of  N-terminal,  C- 
terminal  and  mid-region  fragments  of  IGFBP-3,  and  have 
employed  these  fragments  to  characterize  a  panel  of  IGFBP- 
3  mAbs  speciffic  for  different  IGFBP-3  epitopes.  The  pattern 
of  immunoreactivity  identified  for  the  15  kDa  IGFBP-3 
fragment  derived  by  plasmin  digestion  demonstrated  it  to  be 
an  N-terminal  fragment  This  was  further  confirmed  by  N- 
terminal  sequence  analysis  (data  not  shown).  The  major  29 
kDa  glycosylated  IGFBP-3  fragment  found  in  human 
pregnancy  serum  was  recognized  by  both  mAb2  and  mAb3, 
indicating  the  presence  of  both  the  N-terminus  and 


REFERENCES 

1  Giudice  LC,  Farrell  EM,  Pham  H,  Lamson  G,  and 
Rosenfeld  RG:  Insulin-like  growth  factor  binding  proteins 
in  maternal  serum  throughout  gestation  and  in  the 
puerperium:  effects  of  a  pregnancy-associated  serum  protease 
activity.  J  Clin  Endocrinol  Metab  1990;71:806-816. 

2  Hossenlopp  P,  Segovia  B,  Lassarre  C,  Roghani  M, 
Bredon  M,  and  Binoux  M:  Evidence  of  enzymatic 
degradation  of  insulin-like  growth  factor-binding  proteins  in 
the  150K  complex  during  pregnancy.  J  Clin  Endocrinol 
Metab  1990;71:797-805. 

3  Gargosky  SE,  Pham  HM,  Wilson  KF,  Liu  F,  Giudice 
LC,  and  Rosenfeld  RG:  Measurement  and  characterization 
of  insulin-like  growth  factor  binding  protein-3  in  human 
biological  fluids:  discrepancies  between  radioimmunoassay 
and  ligand  blotting.  Endocrinology  1992;131:3051-3060. 

4  Bang  P:  Serum  proteolysis  of  IGFBP-3.  Prog  Growth 
Factor  Res.  1995;6:285-292 

5  Fielder  PJ,  Rosenfeld  RG,  Graves  HCB,  Grandbois  K, 
Maak  CA,  Sawamura  S,  et  al:  Biochemical  analysis  of 
prostate  specific  antigen-proteolyzed  insulin-like  growth 
factor  binding  protein-3.  Growth  Regulation  1994;1:164-172 

6  Fowlkes  JL,  Enghild  JJ,  Suzuki  K,  and  Nagase,  H: 
Matrix  metalloproteinases  degrade  insulin-like  growth  factor 
binding  protein-3  in  dermal  fibroblast  cultures.  J  Biol  Chem 
1994;  269:  25742-25746. 

7  Lalou  C,  Lassarre  C,  Binoux  M:  A  Proteolytic  fragment 
of  insulin-like  growth  factor  (IGF)  binding  protein-3  that 
fails  to  bind  IGFs  inhibits  the  mitogenic  effects  of  IGF-I  and 
insulin.  Endocrinology  1996;137:3206-3212. 

8  Booth  BA,  Boes  M,  Bar  RS:  IGFBP-3  proteolysis  by 
plasmin,  thrombin,  serum:  heparin  binding,  IGF  binding, 
and  structure  of  fragments.  Am  J  Physiol  (Endocrinol 
Metab)  1996;34:  E  465-E470 

9  Wilson  E,  Oh  Y,  Rosenfeld  RG:  Generation  and 
characterization  of  an  IGFBP-7  antibody.  J  Clin  Endocrinol 
Metab  1997;82:1301-1303.  / 

10  Oh  Y,  Mueller  HL,  Lamson  G,  Rosenfeld  RG:  Insulin¬ 
like  Growth  Factor  (IGF)-independent  Action  of  IGF-binding 
Protein-3  in  Hs578T  Human  Breast  Cancer  Cells.  J  Biol 
Chem,  1993;  268: 14964-14971 


